Background: Psoriasis vulgaris is one of the most common chronic inflammatory skin disorders. Patients with psoriasis are at risk of developing atrial fibrillation (AF). The electromechanical delay (EMD) is the time interval from the onset of the P wave on surface electrocardiography (ECG) to the beginning of the A wave. Prolonged atrial EMD is an independent risk factor for the development of AF.
INTRODUCTION
Psoriasis vulgaris is a chronic inflammatory skin disorder characterised by lesions affecting the skin, scalp, nails, and joints [1] . Although the pathogenesis of psoriasis is still not completely understood, inflammatory processes and oxidative stress are considered as the most important mechanisms for disease development and maintenance [2] . In addition to dermal and arthritic manifestations, psoriasis is associated with a multitude of cardiovascular (CV) disorders, including premature atherosclerosis, cerebrovascular disease, and stroke [3] . The development of CV complications is attributed to the systemic inflammation associated with psoriasis [2] . Recently, it was also shown that psoriasis patients have a tendency for atrial fibrillation (AF) [4] . AF is the most common type of arrhythmia, with a frequency of 1% in the general population, and it is associated with embolic stroke and increased CV morbidity and mortality [5] . Multifactorial, chronic inflammation is an important contributor to the development and maintenance of AF, and myocardial infiltration with inflammatory cells had been demonstrated in AF patients previously [6] . Since psoriasis is also a chronic inflammatory condition, it is possible that myocardial inflammation and associated conduction heterogeneity within the atrial myocardium could be the pathophysiological links explaining the association between psoriasis and AF.
Prolonged intra-and interatrial conduction times are markers of abnormal conductivity within the atrium and of vulnerability to AF [7] . A simple measurement for evaluating the intra-and interatrial conduction times is electromechanical delay (EMD). Measuring the EMD using echocardiography is a promising tool for evaluating the risk of AF in certain risk groups [8] . Since psoriasis is characterised by an increased incidence of AF, perhaps an elevated EMD in these patients could aid clinical risk assessment. Beyond the clinical evaluation, demonstration of an abnormal EMD in psoriatic patients might lead to a better understanding of the pathophysiological substrates that lead to an increased incidence of AF, since EMD is a marker for abnormal intra-atrial conductivity.
Therefore, this study assessed atrial conduction abnormalities in psoriasis vulgaris patients and examined the relationship between these parameters and the severity of psoriasis vulgaris.
METHODS
Patients The study population included 85 consecutive psoriasis patients older than 18 years, in whom diagnosis had been established by biopsy in our dermatology department, and who had been followed for at least three years (Group 1); 46 age-and sex-matched healthy subjects served as a control group (Group 2). Subjects with hypertension, diabetes mellitus, coronary artery disease (CAD), lung diseases, pulmonary hypertension, valvular heart disease, liver or kidney disease, collagen vascular diseases, rhythms other than sinus, any CV drug use, abnormal thyroid function, or abnormal serum electrolyte values were excluded from the study. Patients with co-existing psoriatic arthritis (diagnosed by a rheumatologist) were excluded due to possible concomitant effects on heart rhythm. All subjects provided informed consent, and the study was approved by the local ethics committee.
The demographic characteristics, disease duration, and drug history of each patient were recorded. The body mass index (BMI) of all subjects was calculated as body weight (in kg) divided by height squared (in m 
Evaluation of patient disease activity
The diagnosis of psoriasis vulgaris was based on a dermatologist's diagnosis or the description of characteristic lesions, with subsequent pathological confirmation. The mean duration of the disease was 11.8 ± 7.0 (range 3-26) years. Clinical severity was assessed using the psoriasis area and severity index (PASI) [9] . The PASI assesses four body regions: the head, trunk, and upper and lower extremities. For each region, the surface area involved is graded from 0 to 6, and each of the three variables (erythema, thickness, and scaling of the plaques) is graded from 0 to 4. The scores from each region are summed to give a total PASI score ranging from 0 to 72. The psoriasis severity index (PSI) was also used to evaluate clinical signs (erythema, thickness, and scaling) on a scale of 0 (absent) to 3 (severe) [10] . The affected body surface area (BSA) was also evaluated. The nail psoriasis severity index (NAPSI), a simple numeric tool for evaluating nail psoriasis, was used to quantify the degree of nail changes [11] . The NAPSI was assessed separately for each fingernail and toenail. Each nail is evaluated for the presence or absence of nail matrix disease (pitting, leukonychia, red spots in the lunula, and nail plate crumbling) and nail bed disease (oil drop⁄salmon patch discoloration, onycholysis, nail bed hyperkeratosis, and splinter haemorrhage). The sum of the scores for all of the nails constitutes the patient's NAPSI. Nail involvement was said to be present in patients with a NAPSI score ≥ 1. The disease-specific characteristics (age of onset, duration of psoriasis, mean PASI, mean PSI, mean NAPSI, and number of patients with nail involvement) of the psoriasis patients are summarised in Table 1 . Most of the patients had mild psoriasis and received local treatment.
Echocardiographic evaluation
All echocardiographic examinations were performed using a Philips EnVisor C echocardiography platform (Philips Medical Systems, Andover, MA, USA) and a 3.5-MHz transducer. All patients were examined in the left lateral and supine positions using precordial M-mode, two-dimensional, Doppler, and tissue Doppler echocardiography. Patients with diastolic dysfunction were excluded from the study. One-lead electrocardiogram (ECG) was recorded continuously during echocardiography. Data were recorded from the average of three cardiac cycles. The left ventricular end-diastolic (LVED), left ventricular end-systolic (LVES), and left atrial end-systolic diameters were measured from M-mode in the parasternal long-axis views. The left ventricular ejection fraction (LVEF) was measured using the Teichholz formula. Left atrial volume was measured by tracing the maximum volume of the left atrium during systole in the PASI -psoriasis area and severity index; PSI -psoriasis severity index; BSA -body surface area; NAPSI -nail psoriasis severity index apical four-chamber view. Tissue Doppler echocardiography was performed at transducer frequencies of 3.5 MHz, adjusting the spectral pulsed Doppler signal filters to a Nyquist limit of 15-20 cm/s and using the minimal optimal gain. The monitor sweep speed was set at 100 mm/s to optimise the spectral display of the myocardial velocities. The pulsed Doppler sample volume was placed in the middle segment of the lateral left and right atrial walls and in the interatrial septum just above the oval fossa in the apical four-chamber view. Time intervals from the onset of the P wave on the surface ECG to the beginning of the A wave (PA) representing EMD were obtained from the right atrial lateral wall and left atrial lateral and septal walls and named PA right, PA lateral, and PA septal, respectively. The measured PA intervals are shown in Figure 1 . The timing of mechanical activation of each reference point depends on the distances from these points to the sinus node.
-The difference between PA lateral and PA septal was defined as the intra-left atrial electromechanical delay (ILA-EMD). -The difference between PA right and PA septal was defined as the intra-right atrial electromechanical delay (IRA-EMD). -The difference between PA lateral and PA right was defined as the inter-atrial electromechanical delay (IA-EMD).
Statistical analysis
The potential interaction between psoriasis and obesity, as well as the potential effect of medications on the intra-and interatrial conduction times were examined using univariate analysis. A p-value < 0.05 was considered statistically significant. SPSS 17.0 for Windows was used for the statistical analysis.
RESULTS
The demographic characteristics of the groups are summarised in Table 2 . There were no significant differences in terms of age, gender, cigarette smoking, family history of CAD, or BMI. Although the psoriasis patients and controls had similar BMI values, more subjects within the psoriasis group were obese (29.9% vs. 10.6%, p = 0.012). The mean systolic and diastolic blood pressures and heart rate were similar between groups. Biochemical data, including serum glucose, low-density lipoprotein cholesterol, and triglyceride levels, were not significantly different between the Data were presented as mean ± standard deviation; BP -blood pressure; LDL-C -low-density lipoprotein cholesterol; hsCRP -high sensitive C-reactive protein; NS -statistically non-significant groups. Echocardiographic variables, including the LVED and LVSD diameters and left atrial volume, were similar between groups. The LVEF and diastolic function variables were also similar between the two groups. In tissue Doppler echocardiographic examination, PA right duration was similar, while PA lateral and PA septal differed significantly between the two groups. IA-EMD (PA lateral-PA right) and ILA-EMD (PA lateral-PA septum) were significantly longer in the psoriasis group compared with the control group (Table 3) . No relationship was found between obesity and the atrial conduction times, and the presence of obesity had no significant interaction with psoriasis with respect to IA-EMD and ILA-EMD (p for interaction 0.076 for ILA-EMD and 0.33 for IA-EMD). In addition, the medications used by the psoriasis patients did not have a significant effect on IA-EMD or ILA-EMD, while tumour necrosis factor alpha (TNF-a) blockers significantly affected IRA-EMD (p = 0.018, no significant interaction with other drugs). However, IRA-EMD was not significantly different between the groups, even when the patients on TNF-a therapy were excluded (p = 0.579).
Correlation analysis between parameters of psoriasis severity (PASI score) and atrial conduction revealed a significant positive correlation between PASI and IA-EMD (r = 0.261, p < 0.001; Fig. 2 ). In addition, there was a positive correlation between hsCRP and IA-EMD (p = 0.022). The intra-and inter-observer variabilities for conventional Doppler-and tissue Doppler imaging (TDI)-derived variables (PA lateral, PA septal, and PA tricuspid) ranged from 3% to 7%. DISCUSSION This study investigated the atrial conduction times in patients with psoriasis vulgaris using TDI. The major finding was that the intra-atrial and left atrial conduction times were prolonged in these patients. We also found correlations between IA-EMD with both the PASI score and hsCRP levels, which suggests that disease activity and the severity of the inflammatory reaction contributed to the altered intra-atrial conduction. Psoriasis vulgaris is a chronic inflammatory skin disease affecting nearly 3% of the global population or roughly 125 million people worldwide [12] . The skin lesions in psoriasis are characterised by epidermal hyperproliferation, abnormal keratinocyte differentiation, T-lymphocyte infiltration, and increased cytokine expression [1] . Inflammatory cytokines such as TNF-a, interferon gamma, and interleukin 2 are important factors in lesion development [13] . In addition to skin or joint involvement, these patients are prone to accelerated atherosclerosis, with an increase in CV complications [4, 12, [14] [15] [16] [17] . Therefore, psoriasis can be regarded as a chronic systemic inflammatory disorder, such as rheumatoid arthritis and systemic lupus erythematosus, rather than an isolated skin disease [1] .
Diverse aetiological factors can lead to development of AF in patients; these factors include genetic susceptibility [18] , diseases associated with pressure or volume overload in the ventricles [19] , CAD [20] , and cardiac toxins [21, 22] . In addition, recent studies have shown an association between chronic inflammation and AF. Patients with AF show increased blood CRP levels [23] and infiltration of the atrial myocardium with inflammatory cells [24] . Interestingly, Ahlehoff et al. [4] recently identified psoriasis as a potential causative factor for AF, and the incidence of AF correlated with disease severity. This increased incidence of AF might also partly explain the increased tendency for stroke in psoriasis patients [4, [25] [26] [27] [28] .
Measures of electromechanical heterogeneity across the atria during depolarisation are indicators of an increased risk for AF [7] . Recently, Bacaksiz et al. [29] showed that patients with psoriasis vulgaris had greater P wave dispersion, indicating increased electrical heterogeneity and an increased risk for AF. The time delay between electrical activation of the atria (the beginning of the P wave) and mechanical activation (initiation of tissue Doppler signals) was previously established as a method to calculate the atrial EMD [30] . In addition, TDI-based measurements of the atrial EMD correlate with P wave dispersion [8] . This abnormal atrial conductivity in psoriasis patients, as demonstrated by this study and previous reports, could explain the increased incidence of AF in these patients [29] . Measuring the atrial conduction time could be useful for estimating the risk of AF in psoriasis patients, since such patients are usually young and lack conventional AF risk factors [4] . Although our results did not directly demonstrate an increased AF risk in psoriatic patients with prolonged atrial conduction time, it is reasonable to investigate asymptomatic AF episodes in these patients considering the potential consequences of unrecognised AF.
Although there is still no direct evidence, we believe that chronic inflammation is the best potential explanation linking psoriasis vulgaris with increased AF incidence and the abnormal conductivity patterns in the atrial myocardium. Chronic inflammation is considered as the pathophysiological basis that causes increased CV morbidity, including premature atherosclerosis, in psoriatic patients [31] . Some of our findings also suggest inflammation as the potential mechanism for abnormal atrial EMD. We observed that the degree of impaired left atrial conductivity correlated positively with the PASI score. Higher PASI scores indicated more severe psoriasis, and previous observations suggest that the PASI score correlated with serum levels of systemic inflammatory cytokines, such as TNF-a and interleukin 6 [32] . A positive correlation between hsCRP levels and IA-EMD was also noted in the present study (p = 0.022). Although these findings suggest that the degree of abnormality in atrial conductivity increases with the degree of inflammation, our results do not imply causality, and further studies are needed to resolve this subject.
Limitations of the study A major limitation of this study was its cross-sectional design. In addition, since all of the patients were in sinus rhythm during the study, we did not perform a Holter examination to investigate the presence of atrial arrhythmias. In other words, the value of a prolonged EMD in predicting future arrhythmic events in patients with psoriasis has not been evaluated. Moreover, we do not have data from before and after therapy initiation to determine whether this treatment affects the atrial conduction time. Although we found an association with disease severity and the degree of increase in atrial conduction times, the majority of patients had a PASI score less than 10 and were therefore classified as having mild disease. For these reasons, large-scale, long-term follow-up prospective studies, preferably including patients with severe disease, are required to establish the predictive value of atrial conduction variables for the development of AF in patients with psoriasis.
CONCLUSIONS
The intra-and interatrial EMD were longer in patients with psoriasis vulgaris compared with the controls. We also demonstrated that the inter-atrial EMD was significantly correlated with the disease activity score (PASI) and hsCRP. These results suggest that prolongation of the atrial conduction time might help explain the increased AF incidence in these patients, and inflammatory processes might be the cause of this increase. Further long-term prospective studies are needed to clarify the clinical utility and prognostic importance of EMD in patients with psoriasis vulgaris.
